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ORIGINATOR MOBILE DEVICE ASSISTED
VOICE CALL TECHNOLOGY SELECTION

BACKGROUND

Long Term Evolution (LTE) is a mobile network standard
for wireless communication of high-speed data. The standard
is developed by the 3GPP (3rd Generation Partnership
Project) and is specified in its Release 8 document series. In
contrast to the circuit-switched (CS) model of cellular net-
work standards, LTE has been designed to support only
packet-switched (PS) services. Voice over LTE (VoLTE) is a
mobile network standard to support voice calls over the LTE
network. VOLTE delivers voice service as data flows within
the LTE data bearer, and therefore avoids dependency on the
present 2G or 3G CS cellular networks. However, while
VoLTE technology is being introduced, and for a long time
thereafter, there will be the need to support voice calls
between VOLTE mobile devices and legacy CS network
mobile devices.

One mechanism to provide this interoperability on a
VoLTE mobile device may be to initiate voice calls on the
VOLTE network, and to route the call to a VoIP-to-CS inter-
face if the called mobile device does not support VoLTE.
However, this method increases the call setup latency signifi-
cantly and causes the VOLTE mobile device to experience
degradation of service.

SUMMARY

Systems, methods, and mobile devices of the various
embodiments enable a VoIP capable mobile device to select
an appropriate technology for placing a call to a target mobile
device. Specifically, a VoIP mobile device may be configured
to determine at the time of placing a call whether a mobile
device being called is VoIP capable, initiate voice calls to
mobile devices determined to be VoIP capable using a VoIP
network, and to initiate voice calls using a CS network to
those mobile devices that are determined not to have VoLTE
capability. In particular, the VoIP network may be a VoLTE
network, and the mobile device may be a VoLTE capable
mobile device configured to determine whether the mobile
device being called in VOLTE capable.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated
herein and constitute part of this specification, illustrate
exemplary embodiments of the invention, and together with
the general description given above and the detailed descrip-
tion given below, serve to explain the features of the inven-
tion.

FIG. 1 is a communication system diagram of a network
suitable for use with the various embodiments.

FIG. 2 is a communication system diagram of example
voice service networks suitable for use with the various
embodiments.

FIG. 3 is a communication system diagram of a VoLTE
access network suitable for use with the various embodi-
ments.

FIG. 4 is a message flow diagram illustrating example
interactions between a wireless mobile device and EPS com-
ponents to register the wireless mobile device on a VOLTE
network.

FIG. 5 is a component block diagram of a VoLTE applica-
tion server suitable for use with the various embodiments.
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2

FIG. 6 is a message flow diagram illustrating example
interactions between a wireless mobile device and a VoLTE
application server for creating a VoL.TE user profile.

FIG. 7 is a process flow diagram illustrating an embodi-
ment method for selecting a communication network to place
a voice call to a target mobile device.

FIG. 8 is a process flow diagram illustrating an embodi-
ment method for determining whether a target mobile device
has VoL TE capability.

FIG. 9A is a message flow diagram illustrating example
interactions between a wireless mobile device and a VoLTE
network to create a local VOoLTE contact list.

FIG. 9B is a message flow diagram illustrating example
interactions between a wireless mobile device and a VoLTE
network to retrieve VOLTE capability information for a target
mobile device.

FIG. 10 is a message flow diagram illustrating example
interactions between a VoL TE-capable mobile device and
voice service networks to handle an unsuccessful VoLTE
voice call initiation.

FIG. 11 is a component block diagram of a mobile device
suitable for use in an embodiment.

FIG. 12 is a component block diagram of a server mobile
device suitable for use in an embodiment.

FIG. 13 is acomponent block diagram of a laptop computer
mobile device suitable for use in an embodiment.

DETAILED DESCRIPTION

The various embodiments will be described in detail with
reference to the accompanying drawings. Wherever possible,
the same reference numbers will be used throughout the
drawings to refer to the same or like parts. References made to
particular examples and implementations are for illustrative
purposes, and are not intended to limit the scope of the inven-
tion or the claims.

The word “exemplary” is used herein to mean “serving as
an example, instance, or illustration.” Any implementation
described herein as “exemplary” is not necessarily to be con-
strued as preferred or advantageous over other implementa-
tions.

As used herein, the terms “wireless mobile device,”
“mobile mobile device,” “wireless communications mobile
device,” “user equipment,” and “mobile device” are used
interchangeably to refer to any one or all of cellular tele-
phones, smart phones, personal or mobile multi-media play-
ers, personal data assistants (PDA’s), laptop computers, tab-
let computers, smart books, palm-top computers, wireless
electronic mail receivers, multimedia Internet enabled cellu-
lar telephones, wireless gaming controllers, and similar per-
sonal electronic mobile devices which include a program-
mable processor and memory and circuitry for initiating and/
or receiving voice calls over various networks.

As used herein, the terms “VoLTE-capable” “VoLTE
mobile device,” and “VoLTE client” are used interchangeably
to refer to a wireless mobile device that is capable of making
and receiving voice calls over a VoLTE network.

The Long Term Evolution (LTE) access solution is based
on the evolution of the Universal Mobile Telecommunica-
tions System (UMTS) radio access through the Evolved
UTRAN (E-UTRAN). LTE together with the Evolved Packet
Core (EPC) network (core network accommodating [TE)
make up an Evolved Packet System (EPS). While the access
network in UMTS emulates a circuit switched connection for
real time services and a packet switched connection for data-
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com services, the Evolved Packet System (EPS) is purely IP
based, and both real time services and datacom services may
be carried by the IP protocol.

LTE uses Orthogonal Frequency Division Multiple Access
(OFDMA) technologies, and is an all-IP system that provides
an end-to-end IP connection from the mobile equipment to
the core network. Applications in LTE are supported by the IP
Multimedia Subsystem (IMS), which is a standardized archi-
tectural framework for IP-based multimedia services.

LTE provides both quality of service and low latency fea-
tures that are significant improvements over the services
available on the 2G and 3G networks. However, the EPS
network has been designed to exclusively use packet
switched (PS) services, and has no circuit-switched domain.
Thus, carrying voice traffic in LTE requires the use of voice
over IP (VoIP) technologies, which is standardized in LTE
systems by VoLTE.

VoLTE is an IMS-based specification that allows voice
service to be integrated with the suite of applications that will
become available on LTE. As wireless operators roll out
VoLTE, support for legacy CS voice calls may be necessary to
allow consumers to shift toward VoLTE-capable mobile
devices. A proposed mechanism for providing this support
includes a breakout gateway within the telecommunications
network that functions to breakout calls from the VoLTE
network and carry the calls over a legacy CS network if the
called mobile device does not have VoLTE capability. How-
ever, this solution increases the call setup latency signifi-
cantly, and the calling party would experience degradation of
service. Another proposed mechanism is a circuit switched
fallback in which LTE is only utilized for datagram commu-
nications, and a calling mobile device “falls back™ to a legacy
2G or 3G network to place or receive a voice call. However,
VoLTE-capable mobile devices would not be able to take
advantage of the improved quality of service in LTE for voice
calls, even for calls with other VoLTE-capable mobile
devices.

The various embodiments provide methods for VoIP-ca-
pable wireless mobile devices placing voice calls over a VoIP
network (e.g., a VoLTE network) or a CS network depending
upon the capabilities of the mobile device being called. The
embodiments allow VoIP-capable wireless mobile devices to
be interoperable with CS networks without requiring use of a
breakout gateway or other network-based solution. By pro-
actively placing calls over a network with which the called
mobile device can communicate, the embodiments avoid any
delays in call set up that would be required by network-based
solutions while maintaining quality of service for voice calls.
The various embodiments are applicable to any VolP-capable
wireless mobile device, of which VoLTE-capable mobile
devices is an example. Since the functionality of the various
embodiments is essentially the same whether the mobile
device is VoL TE-capable or capable of VoIP using a different
network technology, Vol.TE-capable mobile devices and
VoLTE networks are used as exemplary embodiments in the
following descriptions of the embodiments. However, the
following references to VOLTE are not intended to limit the
scope of the claims to the VoLTE technology unless specifi-
cally recited in the claims.

In an embodiment, a VoL.TE-capable mobile device may
select VoIP technology (for example, VoLTE) or traditional
CS technology for placing a call to a target mobile device,
based on the capabilities of the target mobile device. The
embodiment methods allow for gradual adoption of VoL TE-
capable mobile devices by customers, given that VoLTE
capable mobile devices may frequently need to communicate
with mobile devices that only support legacy CS network
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calls. By providing selection of an appropriate radio access
technology on the client side instead of at the network, call
latency may be reduced from eliminating the messaging
required between network and mobile device.

The various embodiments may be implemented within a
variety of communication systems, such as the example com-
munication system 100 illustrated in FIG. 1. The communi-
cation system 100 may include one or more mobile devices
102, a telephone network 104, and network servers 106
coupled to the telephone network 104 and to the Internet 108.
In an embodiment, the network server 106 may be imple-
mented as a server within the network infrastructure of the
telephone network 104.

A typical telephone network 104 includes a plurality of cell
base stations 110 coupled to a network operations center 112,
which operates to connect voice and data calls between
mobile devices 102 (e.g., tablets, laptops, cellular phones,
etc.) and other network destinations, such as via telephone
land lines (e.g., a POTS network, not shown) and the Internet
108. The telephone network 104 may also include one or
more servers 116 coupled to or within the network operations
center 112 that provide a connection to the Internet 108 and/or
to the network servers 106. Communications between the
mobile devices 102 and the telephone network 104 may be
accomplished via two-way wireless communication links
114, such as GSM, UMTS, EDGE, 4G, 3G, CDMA, TDMA,
LTE, and/or other communication technologies.

FIG. 2 illustrates components of the Evolved Packet Sys-
tem (EPS) network 200. In EPS network 200, a wireless
mobile device 202 may be connected to a LTE access net-
work, E-UTRAN 204. In the various embodiments, the E-UT-
RAN 204 may be a network of LTE base stations, eNodeBs.

E-UTRAN 204 may connectto the Evolved Packet Core by
connecting to the Serving Gateway 205 by an interface to the
Serving Gateway (SGW) 206 and to a Mobility Management
Entity (MME) 208. The MME 208, which may also be logi-
cally connected to SGW 206, may handle tracking and paging
of'the wireless mobile device 200 and security for E-UTRAN
access on the EPC 205. The MME 208 may be linked to a
Home Subscriber Server (HSS) 212, which may support a
database containing user subscription, profile, and authenti-
cation information.

The SGW 206 may route incoming and outgoing IP pack-
ets for the wireless mobile device via the LTE access network
and external IP networks (i.e., packet data networks (PDNs)).
The SGW 206 may also provide an anchor point for handover
between eNodeBs. The SGW 206 may be logically connected
to the PGW 210, which may route packets to and from PDN’s
to form a connection between the EPC and various PDNss, for
example, the I[P Multimedia Subsystem (IMS) 212. IMS 210
may connect with one or more application servers 214 to
execute IMS specific services. The PGW 208 may be logi-
cally connected to a Policy Charging and Rules Function
(PCRF) 215, a software component of the EPC that may
enforce minimum quality of service parameters, and manage
and control data sessions. PGW 208 may also provide con-
nections with other public or private networks on the Internet
216.

In the various embodiments, in addition to the LTE access
network, a wireless mobile device 202 may be configured to
independently connect to various access networks that pro-
vide at least voice services through the public switched tele-
phone network (PSTN) 218. In particular, the wireless mobile
device 202 may connect to a legacy CS core network 218
through a radio access network 220 that provides at least
voice service through the public switched telephone network
(PSTN) 218. Wireless mobile devices 202 may further con-
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nect to other IP based networks, such as a WLAN 222, over a
separate connection via an LTE system (e.g., access point
224).

FIG. 3 illustrates components of a LTE access network,
such as the E-UTRAN 204 described above with reference to
FIG. 2. In an embodiment, the LTE access network may be a
“flat architecture” composed of a plurality of base stations,
such as eNodeBs 302. In contrast to 3G access networks,
there is no centralized intelligent controller for an eNodeB
302. Instead, eNodeB’s 302 may directly connect to compo-
nents in the EPC, such as an MME 208 and an SGW 206 by
an S1 interface.

ENodeBs 302 may be interconnected by an X2 interface.
Thus, information may be distributed among the eNodeB’s
302 inan E-UTRAN 204, thereby reducing connection set-up
time and the time required for handovers. The X2 interface
may be established between one eNodeB 302 and some of its
neighbor eNodeB’s 302 in order to exchange signaling infor-
mation, in particular, interference-related information and
handover-related information.

FIG. 4 illustrates message flows diagram in a VoLTE setup
procedure for a wireless mobile device 202 on the EPS 200
described above with reference to FIG. 2. In an embodiment,
a wireless mobile device 202 may transmit an Attach request
message to a MME 208, message 402. The MME may
exchange information with the HSS to perform location reg-
istration, message 404. The MME 208 may download the
subscriber profile containing the access point name (APN) for
VoLTE service, message 406. Based on the VOLTE APN, the
MME 208 may determine a destination PGW 210, and may
transmit a request to the destination PGW to setup a bearer
with the SGW 206, message 408. The PGW 210 may setup a
bearer with the SGW 20, message 410. The PGW 210 may
also allocate an IP address to the wireless mobile device 202,
and determine the address of the Proxy Call/Session Control
Function (P-CSCF) to which the wireless mobile device 202
may connect. The PGW 210 may transmit the P-CSCF
address to the MME 208 via the SGW 206, message 412. The
MME 208 in turn may transmit the P-CSCF address to the
wireless mobile device 202 in an Attach Completion message
414.

The wireless mobile device may transmit an IMS registra-
tion request to the IMS core over the P-CSCF, message 416.
The Serving Call/Session Control Function (S-CSCF) may
perform registration and authentication procedures with the
HSS, message 418. Upon authentication of the wireless
mobile device, the S-CSCF) may download and store the
service control information of the user from the HSS, mes-
sage 420. The S-CSCF may notify the wireless mobile device
that registration is complete, message 422, thereby complet-
ing IMS registration.

In the various embodiments, a VoL.TE-capable wireless
mobile device may select how to place a voice call based on
the capabilities of the called mobile device. Specifically, a
VoLTE-capable wireless mobile device may access informa-
tion stored within the mobile device (which may be developed
by the device or accessed from the network) to determine the
network capabilities of a mobile device about to be called
(“target mobile device”), and place a voice call to the target
mobile device on a VOLTE network or on a legacy CS network
based upon the determination made in the calling mobile
device. By providing a selection procedure prior to call place-
ment, as opposed to connecting to the LTE network for all
calls, the calling mobile device is to avoid the network com-
plications that would result from calling a CS-capable target
mobile device via a VOLTE network.
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In an embodiment, a VoLTE-capable wireless mobile
device may be configured to run a VoLTE application in the
background, referred to herein as a “Friend Finder” applica-
tion, that may exchange information with a VoLTE applica-
tion server. The Friend Finder application may require VoLTE
clients to post information to a VOLTE application server,
creating a user profile that may be shared with mobile devices
to allow VOLTE mobile devices to determine whether a target
mobile device has VOLTE capability.

FIG. 5 illustrates components of an embodiment VoLTE
application server for managing information and supporting
operations of the Friend Finder application. The application
server 500 may include a network interface 502 that may be
wired and/or wireless for communicating over the IMS 212.
A processor 504 may be connected to the network interface
502, auser interface 506, and memory 508. The processor 504
may include one or more microprocessors, microcontrollers,
and/or digital signal processors that provide processing func-
tions, as well as other calculation and control functionality.
The processor 504 may access memory 508 for reading/
writing data and/or software instructions for executing pro-
grammed functionality. The memory 508 may be onboard the
processor 504 (e.g., within the same IC package 509), and/or
the memory may be external memory to the processor and
functionally coupled over a data bus.

A number of software modules and/or data tables may
reside in the memory 508 and be utilized by the processor
504, including but not limited to a Friend Finder application
management module 510. The application server 500 may be
further configured to receive and store user VOLTE informa-
tion in a data storage system 512. The data storage system 512
may be an external repository that is connected via a wired or
wireless network to the processor 504 of the application
server 500.

FIG. 6 illustrates message flows 600 associated with the
registration of a user profile for a VoLTE-capable wireless
mobile device on the VOLTE network. A VoLTE-capable
wireless mobile device 602 may initially verify the installa-
tion of the Friend Finder Application, and may send VoLTE
registration information to a VoLTE application server 604,
messages 606. Such information may include, but is not lim-
ited to, contact information, authentication/authorization
information, specifics regarding VoLTE capabilities, etc. The
message 606 may be sent, for example, using a Hypertext
Transfer Protocol (HTTP) POST request. In turn, the VoLTE
application server 604 may transmit the information to the
Data Storage System 608 with an instruction to store the
information, message 610. The information associated with
wireless mobile device 602 may be stored by the data storage
system 608 in a user profile associated with the wireless
mobile device 602. The data storage system 608 may send an
acknowledgment message 614 to the application server 604,
which may transmit a confirmation status to the wireless
mobile device 602 to indicate that the HTTP request was
successful, message 616. Message 616 may be, for example,
a 200 OK response. By registering with the VoL'TE applica-
tion server, the VOLTE capability of wireless mobile device
602 may be made available to other VoL TE-capable mobile
devices through the Friend Finder application, ensuring that
mobile terminating calls from other VOLTE clients will be
attempted on the LTE network when possible.

FIG. 7 illustrates an embodiment method 700 for placing a
voice call to a target mobile device (e.g., wireless mobile
device 602). In block 702, a VoL TE-capable wireless mobile
device, such as wireless mobile device 602 as described
above with reference to FIG. 6, may receive user inputs to
initiate a mobile originating (MO) voice call to a target
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mobile device. In determination block 704, a processor of the
wireless mobile device may determine whether the target
mobile device has VOLTE capability. This determination is
discussed further detail below with respect to FIG. 8.

If the mobile device processor determines that the target
mobile device does not have VoL TE capability (i.e., determi-
nation block 704="“No"), the mobile device may place the call
to the target mobile device over a legacy CS network to which
it may connect, in block 706. If the mobile device processor
determines that the target mobile device has VOLTE capability
(i.e., determination block 704="Yes”), in optional determina-
tion block 708, the mobile device processor may optionally
determine whether the target mobile device can presently
receive VOLTE calls by determining whether the target mobile
device is registered with the VOLTE server. If the mobile
device processor determines that the target mobile device is
not registered with the VoLTE server (i.e., optional determi-
nation block 708="“No"), the mobile device may place the call
to the target mobile device over a legacy CS network to which
it may connect, in block 706. If the mobile device processor
determines that the target mobile device is registered with the
VoLTE server (i.e., optional determination block
708="“Yes”), the mobile device may place the call to the target
mobile device on the LTE network in block 710. In another
embodiment, optional determination block 708 may be
skipped such that if the mobile device processor determines
that the target mobile device does have VOLTE capability (i.e.,
determination block 704=°Yes”), the mobile device may
attempt to place the call over the LTE network without first
determining such network’s availability on the target mobile
device.

In determination block 712, the mobile device processor
may determine whether a VOoLTE call placed to the target
mobile device was successfully established. If the mobile
device processor determines that the VoLTE call was success-
ful (i.e., determination block 712=“Yes”), the mobile device
may exit the call initiation method 700. If the mobile device
processor determines that the VoL'TE call was not successful
(i.e., determination block 712="No”), the mobile device may
terminate further attempts to establish a VoLTE call, and
instead may immediately re-initiate the call to the target
mobile device using a legacy CS network. If the mobile
device processor determines that the VoLTE call was success-
ful (i.e., determination block 712=“Yes”), the mobile device
may store a record of the successtul VOLTE call with the target
mobile device, including identifying information of the target
mobile device and VOLTE network, in block 714. This record
of'a successful VOLTE call may be used by the mobile device
processor in the future to determine that the target mobile
device is VOLTE capable and/or reachable via a VoLTE net-
work.

Even though the target mobile device may be a VoL.TE-
capable mobile device and may be registered with the VoLTE
server, a call over the VOLTE network may {fail for various
reasons, such as if the target mobile device is out of range of
eNodeB’s in the LTE access network or “roaming” with a
connection to a CS network. By storing records of successful
VOLTE calls, including the called mobile device MDN and an
identification of the VOLTE network over which the call was
placed (or at least attempted), the mobile device processor
can place future calls by selecting a network to use to call the
target mobile device that may reduce the call setup time since
it may avoid repeating attempts to establish a connection on a
VoLTE network when such connections are likely to fail.

In the various embodiments, the determination of whether
a target mobile device has VOLTE capability, such as in deter-
mination block 704 described above with reference to FIG. 7,

25

40

45

55

8

may be based on user profile information for VoLTE-capable
mobile devices stored by the VOLTE application server that
can be downloaded to the memory of the mobile device. As
discussed above, VOLTE clients may register contact and
network capabilities information with the VoLTE application
server. The originating mobile device may execute a VoL.TE
application, such as a Friend Finder application, that connects
with an eNodeB in order to access the VOLTE application
server and retrieve mobile device VOLTE capability informa-
tion from stored registration records.

While delay time may be minimal, in the various embodi-
ments a wireless mobile device may avoid the need to retrieve
this information from the VoL.TE network for every mobile
originating voice call requested by the user. Specifically, the
wireless mobile device may store certain VOLTE capability
information locally to further shortcut the determination pro-
cess, as illustrated in FIG. 8. Method 800 may be initiated
upon receiving user input to place a call to the target mobile
device in block 702 of method 700 described above with
reference to FIG. 7. In determination block 802, the mobile
device processor may determine whether the target mobile
device’s mobile device number (MDN) matches a user con-
tact phone number. If the mobile device processor determines
that the target mobile device MDN matches a user contact
number (i.e., determination block 802="Yes”), in block 804
the mobile device may use a local VoLTE contact list, dis-
cussed in detail below with reference to FIG. 8, to determine
whether the target mobile device has VoLTE capability. In
block 810, the mobile device processor may return to block
704 in method 700 described above with reference to FIG. 7.

If the mobile device processor determines that the target
mobile device MDN does not match a user contact number
(i.e., determination block 804="No""), the mobile device pro-
cessor may access its call records to determining whether
there have been previous successful calls to the target mobile
device overa VoLTE network in block 806. For example, after
successful participation ina MO or MT voice callona VoL.TE
network, the mobile device processor may store in local
memory the phone number of the other party to that call. In
this manner, even if the other party is not saved in the user’s
contacts database, the mobile device processor may deter-
mine that the number corresponds to a VoL.TE-capable client.

In determination block 808, the mobile device processor
may determine whether the target mobile device MDN is in
the call records of previously successful VoL TE calls. If the
mobile device processor determines that the target mobile
device MDN is in the successful VOoLTE call records, (e.g.,
determination block 808="Yes”), the mobile device proces-
sor may return to block 708 of method 700 described above
with reference to FIG. 7. If the mobile device processor
determines that the target mobile device MDN is not in the
successful VOLTE call records, (e.g., determination block
808="“No"), in block 812 the mobile device processor may
access the VOLTE network to retrieve information about the
target mobile device, as discussed in further detail below with
reference to FIG. 9B.

Thus, because a significant number of the mobile device’s
mobile originating calls may be to target mobile devices
associated with the user’s contacts, or to target mobile devices
that were previously engaged in a voice call with the wireless
mobile device, a connection to the VoLTE network mobile
device may be avoided for many target mobile devices. FIG.
9A illustrates example message flows for generating a local
VOLTE contact list on a wireless mobile device, used in block
804 of method 800 discussed above with reference to FIG. 8.
The local VoLTE contact list may be a list identifying which
of'the user’s contacts has a VoL.TE-capable mobile device. In



US 9,077,785 B2

9

another embodiment, the local VOLTE contact list may be
integrated with existing contact information stored on the
mobile device, and may provide a field for each entry that
states whether VOLTE capability exists.

In message flow 900, the Friend Finder application may
transmit mobile device numbers (MDNs), or other identify-
ing information, of user’s contacts to the VoLTE application
server in message 902. The user’s contacts may be obtained
from the mobile device memory, such as data records associ-
ated with an address book application. The message 902 may
include a request to obtain VoL.TE information corresponding
to the MDNs of the user’s contacts, which may be sent as a
HTTP GET method. The VoLTE application server 500 may
transmit a retrieve message 904 to a data storage system in
which records for registered VoL.TE-capable mobile devices
may be stored. The data storage system may retrieve the
stored VoLTE-capability information, if any, for each contact
MDN, in block 906. That is, for each contact associated with
a VoL'TE-capable mobile device, the VoL TE information cor-
responding to that contact telephone number may be
retrieved. For each contact that is not associated with a
VoLTE-capable mobile device no information will be
retrieve, since no VOLTE information would have been stored.

The data storage system may send the retrieved VoLTE
capability information in a response message 908 to the
VoLTE application server. The VoL TE application server may
transmit the VoLTE capability information to the mobile
device, such as in an HTTP request response OK such as 200,
message 910. The received VOoLTE capability information,
which identifies the MDNS5s of the user’s contacts, are VoL TE-
capable mobile devices. The set of VoL.TE-capable contacts
may be automatically updated in periodic intervals, and the
set of VoL.TE-capable mobile devices from previous VoL.TE
calls may be developed as such calls take place.

FIG. 9B is a message flow diagram 950 showing example
interactions for retrieving VoL'TE capability information for a
single target mobile device, such as in block 814 of method
800 in FIG. 8. The Friend Finder application may send to the
VoLTE server the MDN or other identifying information for
the target mobile device, message 952. The message 952 may
include a request to obtain VoL.TE information corresponding
to the MDN of the target mobile device, which may be sent as
aHTTP GET method. The VoLTE application server 500 may
transmit a retrieve message 954 to a data storage system. The
data storage system may retrieve the stored VoL.TE-capability
information, if any, for the target mobile device, block 956.
The data storage system may send the retrieved VoLTE capa-
bility information in a response message 958 to the VoL TE
application server. The VOLTE application server may trans-
mit the VOLTE capability information to the wireless mobile
device, for example, in a HTTP request response such as 200
OK, message 990.

FIG. 10 is a message flow diagram 1000 illustrating
example interactions among a VoL TE-capable mobile device
and wireless communication networks for handling a failed
mobile originating call according to an embodiment. A
VoLTE-capable mobile device may place a voice call to a
target mobile device over a VOLTE network, for example, by
performing the operations in blocks 702-710 described above
with reference to FIG. 7. The mobile device may initiate a
voice call to the target mobile device on a VoLTE network in
message 1008. If the call is not successfully established on the
VoLTE network, the mobile device may receive a call failure
notification from the VOLTE network in message 1010.

Message 1010 may also include a call failure reason that
provides information to the mobile device regarding why the
attempted VoL TE call failed. For example, the target mobile
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device may be out of VOLTE service range (i.e., out of range
of eNodeBs), out of all network reception ranges (e.g., in
subway/metro), turned off, not answered by a user or voice-
mail system, etc. In response, the mobile device may take an
action to re-attempt a voice call with the target mobile device,
with the type of call attempt based on the received reason for
the initial call failure. In an embodiment, the mobile device
may stop further automatic reconnection attempts on the
VoLTE network in block 1012, and may instead re-initiate the
voice call on a different network. For example, depending on
the call failure reason and the available networks to the
mobile device, the mobile device may attempt to re-initiate
the voice call on another VoIP network in optional message
1014. Alternatively, the mobile device may attempt to re-
initiate the voice call on a CS network in optional message
1016.

Given the various standards and the nature of the technol-
ogy the existence of CS network capability may be presumed
to exist in all VOLTE target mobile devices. Therefore, in an
embodiment the voice call may be automatically re-initiated
on a CS network in response to receiving a call failure noti-
fication from an attempted VoLTE call, with second call
attempt occurring without requiring user intervention. In
another embodiment, the voice call may be automatically
re-initiated on one of a plurality of non-VoLTE networks
according to a user’s preset network preferences.

In summary, the various embodiments include a VoLTE
application that may be implemented on a mobile device to
select the appropriate radio access technology (i.e., a VoLTE
or CS network) for placing a telephone call to a particular
target mobile device. Such an application may run in the
background of a VOLTE mobile device, with operations that
appear seamless to the user. Performing the selection of radio
technology for a call on mobile device (i.e., on the client side)
avoids the need for re-configuring existing CS and/or VOLTE
networks, while enabling rapid call connections.

The various embodiments may be implemented in any of a
variety of wireless VoLTE-capable mobile devices, an
example of which is illustrated in FIG. 11. For example, the
mobile device 1100 may include a processor 1102 coupled to
internal memories 1104 and 1110. Internal memories 1104
and 1110 may be volatile or non-volatile memories, and may
also be secure and/or encrypted memories, or unsecure and/or
unencrypted memories, or any combination thereof. The pro-
cessor 1102 may also be coupled to a touch screen display
1106, such as a resistive-sensing touch screen, capacitive-
sensing touch screen infrared sensing touch screen, or the
like, although the mobile device need not have touch screen
capability. Additionally, the mobile device 1100 may have
one or more antenna 1108 for sending and receiving electro-
magnetic radiation connected to one or more wireless data
link and/or cellular telephone transceivers 1116 coupled to
the processor 1102. The cellular telephone transceivers 1116
may be configured to communicate via a VoLTE technology
network as well as a conventional CS network. The wireless
mobile device 1100 may also include physical buttons 1112«
and 111254 for receiving user inputs, and a power button 1118
for turning the wireless mobile device 1100 on and off. The
wireless mobile device 1100 may also include a position
sensor 1122, such as a GPS receiver, coupled to the processor
1102. The wireless mobile device 1100 may also include a
camera 1124 coupled to the processor 1102.

The various embodiments described above may also be
implemented within a variety of personal computing mobile
devices configured with cellular network transceivers, such as
alaptop computer 1210 as illustrated in FIG. 12. Many laptop
computers include a touch pad touch surface 1217 that serves
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as the computer’s pointing mobile device, and thus may
receive drag, scroll, and flick gestures similar to those imple-
mented on mobile computing mobile devices equipped with a
touch screen display and described above. A laptop computer
1210 will typically include a processor 1211 coupled to vola-
tile memory 1212 and a large capacity nonvolatile memory,
such as a disk drive 1213 of Flash memory. The laptop com-
puter 1210 may also include a floppy disc drive 1214 and a
compact disc (CD) drive 1215 coupled to the processor 1211.
The laptop computer 1210 may also include a number of
connector ports coupled to the processor 1211 for establish-
ing data connections or receiving external memory mobile
devices, such as a USB or FireWire® connector sockets, or
other network connection circuits for coupling the processor
1211 to a network. In a notebook configuration, the computer
housing includes the touchpad 1217, the keyboard 1218, and
the display 1219 all coupled to the processor 1211. The laptop
computer 1210 may also include a position sensor 1225, such
as a GPS receiver, coupled to the processor 1211. Addition-
ally, the laptop computer 1210 may have one or more antenna
1208 for sending and receiving electromagnetic radiation that
may be connected to one or more a wireless data link and/or
cellular telephone transceivers 1216 coupled to the processor
1211. The cellular telephone transceivers 1116 may be con-
figured to communicate via a VoL TE technology network as
well as a conventional CS network. The laptop computer
1210 may also include a camera 1226 coupled to the proces-
sor 1211. Other configurations of the computing mobile
device may include a computer mouse or trackball coupled to
the processor (e.g., via a USB input) as are well known, which
may also be used in conjunction with the various embodi-
ments.

The various embodiments may also be implemented on any
of'a variety of commercially available server mobile devices,
such as the server 1300 illustrated in FIG. 13. Such a server
1300 typically includes a processor 1301 coupled to volatile
memory 1302 and a large capacity nonvolatile memory, such
as a disk drive 1303. The server 1300 may also include a
floppy disc drive, compact disc (CD) or DVD disc drive 1304
coupled to the processor 1301. The server 1300 may also
include network access ports 1306 coupled to the processor
1301 for establishing network interface connections with a
network 1307, such as a local area network coupled to other
broadcast system computers and servers, the Internet, the
public switched telephone network, and/or a cellular data
network (e.g., CDMA, TDMA, GSM, PCS, 3G, 4G, LTE, or
any other type of cellular data network).

The processors 1102, 1211, and 1301 may be any program-
mable microprocessor, microcomputer or multiple processor
chip or chips that can be configured by software instructions
(applications) to perform a variety of functions, including the
functions of the various embodiments described above. In
some mobile devices, multiple processors may be provided,
such as one processor dedicated to wireless communication
functions and one processor dedicated to running other appli-
cations. Typically, software applications may be stored in the
internal memory 1104, 1110, 1212, 1213, 1302, and 1303
before they are accessed and loaded into the processors 1102,
1211, and 1301. The processors 1102, 1211, and 1301 may
include internal memory sufficient to store the application
software instructions. In many mobile devices the internal
memory may be a volatile or nonvolatile memory, such as
flash memory, or a mixture of both. For the purposes of this
description, a general reference to memory refers to memory
accessible by the processors 1102, 1211, and 1301 including
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internal memory or removable memory plugged into the
mobile device and memory within the processor 1102, 1211,
and 1301 themselves.

As mentioned above, the references to VoLTE-capable
mobile devices and VOLTE networks in the foregoing descrip-
tions of the embodiments are for illustrative purposes and are
not intended to limit the scope of the claims to VoLTE tech-
nologies. The various embodiments are generally applicable
to any VoIP-capable mobile device and VoIP network, and the
forgoing references to VoLTE is not intended to limit the
scope of the claims unless VOLTE technology is expressly
recited in the claims.

The foregoing method descriptions and the process flow
diagrams are provided merely as illustrative examples and are
not intended to require or imply that the operations of the
various embodiments must be performed in the order pre-
sented. As will be appreciated by one of skill in the art the
order of operations in the foregoing embodiments may be
performed in any order. Words such as “thereafter,” “then,”
“next,” etc. are not intended to limit the order of the opera-
tions; these words are simply used to guide the reader through
the description of the methods. Further, any reference to
claim elements in the singular, for example, using the articles
“a,” “an” or “the” is not to be construed as limiting the
element to the singular.

The various illustrative logical blocks, modules, circuits,
and algorithm operations described in connection with the
embodiments disclosed herein may be implemented as elec-
tronic hardware, computer software, or combinations of both.
To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules,
circuits, and operations have been described above generally
in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the par-
ticular application and design constraints imposed on the
overall system. Skilled artisans may implement the described
functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted
as causing a departure from the scope of the present invention.

The hardware used to implement the various illustrative
logics, logical blocks, modules, and circuits described in
connection with the aspects disclosed herein may be imple-
mented or performed with a general purpose processor, a
digital signal processor (DSP), an application specific inte-
grated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic mobile device, discrete
gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions
described herein. A general-purpose processor may be a
microprocessor, but, in the alternative, the processor may be
any conventional processor, controller, microcontroller, or
state machine. A processor may also be implemented as a
combination of computing mobile devices, e.g., a combina-
tion of a DSP and a microprocessor, a plurality of micropro-
cessors, one or more microprocessors in conjunction with a
DSP core, or any other such configuration. Alternatively,
some operations or methods may be performed by circuitry
that is specific to a given function.

The functions of the various embodiments described above
may be implemented in hardware, software, firmware, or any
combination thereof. If implemented in software, the func-
tions may be stored as one or more instructions or code on a
non-transitory computer-readable medium. The operations of
a method or algorithm disclosed herein may be embodied in
a processor-executable software module, which may reside
on a non-transitory computer-readable storage medium. Non-
transitory computer-readable storage media may be any



US 9,077,785 B2

13

available media that may be accessed by a computer. By way
of'example, and not limitation, such non-transitory computer-
readable media may comprise RAM, ROM, EEPROM, CD-
ROM or other optical disk storage, magnetic disk storage or
other magnetic storage mobile devices, or any other medium
that may be used to store desired program code in the form of
instructions or data structures and that may be accessed by a
computer. Disk and disc, as used herein, includes compact
disc (CD), laser disc, optical disc, digital versatile disc
(DVD), floppy disk, and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data opti-
cally with lasers. Combinations of the above should also be
included within the scope of non-transitory computer-read-
able media. Additionally, the operations of a method or algo-
rithm may reside as one or any combination or set of codes
and/or instructions on a non-transitory machine readable
medium and/or computer-readable medium, which may be
incorporated into a computer program product.

The preceding description of the disclosed embodiments is
provided to enable any person skilled in the art to make or use
the present invention. Various modifications to these embodi-
ments will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other
embodiments without departing from the spirit or scope of the
invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be
accorded the widest scope consistent with the following
claims and the principles and novel features disclosed herein.

What is claimed is:

1. A method for selecting a network for originating voice
call on a voice over IP (VoIP)-capable mobile device, com-
prising:

receiving an input to initiate a voice call to a target mobile

device;
determining on the VoIP-capable mobile device whether
the target mobile device is capable of receiving a voice
call on a VoIP network based on whether a user profile
for the target mobile device is registered with an appli-
cation server associated with the VoIP network;

determining on the VoIP-capable mobile device whether
the target mobile device is available to communicate on
the VoIP network in response to determining that the
target mobile device is capable of receiving a voice call
on the VoIP network; and

initiating the voice call on a circuit switched (CS) network

in response to determining that the target mobile device
is not available to communicate on the VoIP network.

2. The method of claim 1, further comprising:

downloading user profile information from the application

server associated with the VoIP network; and

storing the downloaded user profile information in a

memory on the VoIP-capable mobile device, wherein
determining whether the target mobile device is capable
of receiving a voice call on a VoIP network is accom-
plished using the stored user profile information.

3. The method of claim 1, wherein determining on the
VoIP-capable mobile device whether the target mobile device
is available to communicate on the VoIP network comprises
determining whether the target mobile device is registered
with a VoIP network server.

4. The method of claim 1, further comprising initiating the
voice call on the VoIP network in response to determining that
the target mobile device is capable of receiving a voice call on
the VoIP network and that the target mobile device is available
to communicate on the VoIP network.
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5. The method of claim 4, further comprising:

determining whether the initiated voice call was estab-

lished on the VoIP network; and

storing on the VoIP-capable mobile device a record of a

successful call to the target mobile device in response to
determining that the initiated voice call was established
on the VoIP network, wherein the record comprises a
mobile device number (MDN) of the target mobile
device and an identification of the VoIP network.

6. The method of claim 5, further comprising initiating the
voice call on a circuit switched network in response to deter-
mining that the voice call was not established on the VoIP
network.

7. The method of claim 5, further comprising:

determining whether a call failure reason has been received

from the VoIP network in response to determining that
the voice call was not established on the VoIP network;
and

selecting a circuit switched network for initiating the voice

call based at least in part on information in the call
failure reason in response to determining that a call
failure reason has been received from the VoIP network.
8. The method of claim 1, wherein:
the VoIP-capable mobile device is a voice over LTE
(VoL TE)-capable mobile device; and

determining on the VoIP-capable mobile device whether
the target mobile device is capable of receiving a voice
call on a VoIP network comprises determining whether
the target mobile device is capable of receiving a voice
call on a VoLTE network.

9. The method of claim 8, further comprising:

creating a local VOLTE contact list;

wherein determining whether the target mobile device is

capable of receiving a voice call on a VOLTE network

comprises:

determining whether a mobile device number (MDN) of
the target mobile device is saved as a user contact on
the VoIP-capable mobile device; and

determining whether the MDN of the target mobile
device matches an MDN stored in the local VoLTE
contact list in response to determining that the MDN
of the target mobile device is saved as a user contact
on the VoIP-capable mobile device.

10. The method of claim 9, wherein creating the local
VoLTE contact list comprises:

sending to the VOL'TE network user contact MDNSs that are

saved on the VoIP-capable mobile device;

requesting from the VoLTE network profile information

associated with each user contact MDN;

receiving from the VoLTE network profile information

associated with each user contact MDN, wherein the
received profile information for user contact MDNSs that
are not VOLTE contain no data; and

storing on the VoIP-capable mobile device a list of user

contact MDN5s for which the received profile informa-
tion contains data.

11. The method of claim 9, wherein:

determining whether the target mobile device is capable of

receiving a voice call on the VoLTE network further

comprises:

accessing stored voice call records that identify the
VoLTE network in response to determining that the
MDN of'the target mobile device is not saved as a user
contact on the mobile device; and

determining whether the MDN of the target mobile
device is saved in a stored voice call record identified
by the VoLTE network.
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12. The method of claim 11, wherein determining on the
VoIP-capable mobile device whether the target mobile device
is capable of receiving a voice call on the VOLTE network
further comprises:

starting a VOLTE application on the mobile device in

response to determining that the MDN of the target
mobile device is not saved in a stored voice call record
identified by the VoLTE;

sending the MDN of the target mobile device to a VoLTE

application server, wherein the VoLTE application
server is coupled to a data storage system, wherein the
data storage system contains VoL.TE registration infor-
mation for a plurality of mobile devices on the VoLTE
network;

requesting VoL.TE registration information associated with

the MDN of the target mobile device; and

determining whether information associated with the

MDN of the target mobile device was received from the
VoLTE application server.

13. The method of claim 12, further comprising initiating
the voice call on the VOLTE network in response to determin-
ing that information associated with the MDN of the target
mobile was received from the VoLTE application server.

14. The method of claim 12, further comprising initiating
the voice call on the circuit switched network in response to
determining that no information associated with the MDN of
the target mobile device was received from the VoLTE appli-
cation server.

15. A voice over IP (VoIP)-capable mobile device, com-
prising:

amemory;

a user interface;

a transceiver;

a network interface; and

a processor coupled to the memory, the user interface, the

transceiver, and the network interface, wherein the pro-

cessor is configured with processor-executable instruc-

tions to perform operations comprising:

receiving input via the user interface to initiate a voice
call to a target mobile device;

determining whether the target mobile device is capable
of receiving a voice call on a VoIP network based on
whether a user profile for the target mobile device is
registered with an application server associated with
the VoIP network;

determining whether the target mobile device is avail-
able to communicate on the VoIP network in response
to determining that the target mobile device is capable
of receiving a voice call on the VoIP network; and

initiating the voice call on a circuit switched network in
response to determining that the target mobile device
is not available to communicate on the VoIP network.

16. The VoIP-capable mobile device of claim 15, wherein
the processor is configured with processor-executable
instructions to perform operations further comprising:

downloading user profile information from the application

server associated with the VoIP network; and

storing to the memory the downloaded user profile infor-

mation, wherein determining whether the target mobile
device is capable of receiving a voice call on a VoIP
network is accomplished using the stored user profile
information.

17. The VoIP-capable mobile device of claim 15, wherein
the processor is configured with processor-executable
instructions to perform operations such that determining
whether the target mobile device is available to communicate
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on the VoIP network comprises determining whether the tar-
get mobile device is registered with a VoIP network server.

18. The VoIP-capable mobile device of claim 15, wherein
the processor is configured with processor-executable
instructions to perform operations further comprising initiat-
ing the voice call on the VoIP network in response to deter-
mining that the target mobile device is capable of receiving a
voice call on the VoIP network and that the target mobile
device is available to communicate on the VoIP network.

19. The VoIP-capable mobile device of claim 18, wherein
the processor is configured with processor-executable
instructions to perform operations further comprising:

determining whether the initiated voice call was estab-

lished on the VoIP network; and

storing in the memory a record of a successful call to the

target mobile device in response to determining that the
initiated voice call was established on the VoIP network,
wherein the record comprises a mobile device number
(MDN) of the target mobile device and an identification
of the VoIP network.

20. The VoIP-capable mobile device of claim 19, wherein
the processor is configured with processor-executable
instructions to perform operations further comprising initiat-
ing the voice call on a circuit switched network in response to
determining that the voice call was not established on the
VoIP network.

21. The VoIP-capable mobile device of claim 19, wherein
the processor is configured with processor-executable
instructions to perform operations further comprising:

determining whether a call failure reason has been received

from the VoIP network in response to determining that
the voice call was not established on the VoIP network;
and

selecting a circuit switched network for initiating the voice

call based at least in part on information in the call
failure reason in response to determining that a call
failure reason has been received from the VoIP network.

22. The VoIP-capable mobile device of claim 15, wherein
the mobile device is a voice over LTE (VoLTE)-capable
mobile device; and

the processor is configured with processor-executable

instructions to perform operations such that determining
whether the target mobile device is capable of receiving
a voice call on a VoIP network comprises determining
whether the target mobile device is capable of receiving
a voice call on a VOLTE network.

23. The VoIP-capable mobile device of claim 22, wherein:

the processor is configured with processor-executable

instructions to perform operations further comprising
creating a local VoLTE contact list; and

the processor is configured with processor-executable

instructions to perform operations such that determining

whether the target mobile device is capable of receiving

a voice call on a VOLTE network comprises:

determining whether a mobile device number (MDN) of
the target mobile device is saved as a user contact in
the memory; and

determining whether the MDN of the target mobile
device matches an MDN stored in the local VoLTE
contact list in response to determining that the MDN
of'thetarget mobile device is saved as a user contact in
the memory.

24. The VoIP-capable mobile device of claim 23, wherein
the processor is configured with processor-executable
instructions to perform operations such that the local VoLTE
contact list comprises:
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sending to the VOLTE network user contact MDNSs that are

saved on the VoIP-capable mobile device;

requesting from the VOLTE network profile information

associated with each user contact MDN;

receiving from the VOLTE network profile information

associated with each user contact MDN, wherein the
received profile information for user contact MDNSs that
are not VOLTE contain no data; and

storing on the VoIP-capable mobile device a list of user

contact MDNss for which the received profile informa-
tion contains data.

25. The VoIP-capable mobile device of claim 23, wherein
the processor is configured with processor-executable
instructions to perform operations such that:

accessing stored voice call records that identify the VoLTE

network in response to determining that the MDN of the
target mobile device is not saved as a user contact saved
in the memory; and

determining whether the target mobile device MDN is

saved in a stored voice call record identified by the
VoLTE network.

26. The VoIP-capable mobile device of claim 25, wherein
the processor is configured with processor-executable
instructions to perform operations such that determining
whether the target mobile device is capable of receiving a
voice call on a VOLTE network further comprises:

starting a VOLTE application on the mobile device in

response to determining that the MDN of the target
mobile device is not saved in a stored voice call record
identified by the VOLTE network;

sending the MDN of the target mobile device to a VoLTE

application server, wherein the VoLTE application
server is coupled to a data storage system, wherein the
data storage system contains VoL.TE registration infor-
mation for a plurality of mobile devices on the VoLTE
network;

requesting VoL.TE registration information associated with

the MDN of the target mobile device; and

determining whether information associated with the

MDN of the target mobile device was received from the
VoLTE application server.

27. The VoIP-capable mobile device of claim 26, wherein
the processor is configured with processor-executable
instructions to perform operations further comprising initiat-
ing the voice call on the VOLTE network in response to deter-
mining that information associated with the MDN of the
target mobile device was received from the VOLTE applica-
tion server.

28. The VoIP-capable mobile device of claim 26, wherein
the processor is configured with processor-executable
instructions to perform operations further comprising initiat-
ing the voice call on the circuit switched network in response
to determining that no information associated with the MDN
of the target mobile device was received from the VoLTE
application server.

29. A mobile device, comprising:

means for receiving an input to initiate a voice call to a

target mobile device;

means for determining whether the target mobile device is

capable of receiving a voice call on a voice over IP
(VoIP) network based on whether a user profile for the
target mobile device is registered with an application
server associated with the VoIP network;

means for determining whether the target mobile device is

available to communicate on the VoIP network in
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response to determining that the target mobile device is
capable of receiving a voice call on the VoIP network;
and

means for initiating the voice call on a circuit switched

network in response to determining that the target
mobile device is not capable of receiving a voice call on
the VoIP network.
30. The mobile device of claim 29, further comprising:
means for downloading user profile information from the
application server associated with the VoIP network; and

means for storing the downloaded user profile information
in memory on the mobile device, wherein means for
determining whether the target mobile device is capable
of receiving a voice call on a VoIP network comprises
means for determining whether the target mobile device
is capable of receiving a voice call on a VoIP network
using the stored user profile information.

31. The mobile device of claim 29, wherein means for
determining whether the target mobile device is available to
communicate on the VoIP network comprises means for
determining whether the target mobile device is registered
with a VoIP network server.

32. The mobile device of claim 29, further comprising
means for initiating the voice call on the VoIP network in
response to determining that the target mobile device is
capable of receiving a voice call on the VoIP network and that
the target mobile device is available to communicate on the
VoIP network.

33. The mobile device of claim 32, further comprising:

means for determining whether the initiated voice call was

established on the VoIP network; and
means for storing a record of a successful call to the target
mobile device in response to determining that the initi-
ated voice call was established on the VoIP network,
wherein the record comprises a mobile device number
(MDN) of the target mobile device and an identification
of the VoIP network.
34. The mobile device of claim 33, further comprising
means for initiating the voice call on a circuit switched net-
work in response to determining that the voice call was not
established on the VoIP network.
35. The mobile device of claim 33, further comprising:
means for determining whether a call failure reason has
been received from the VoIP network in response to
determining that the voice call was not established on the
VoIP network; and

means for selecting a circuit switched network for initiat-
ing the voice call based at least in part on information in
the call failure reason in response to determining that a
call failure reason has been received from the VoIP net-
work.

36. The mobile device of claim 29, wherein:

the mobile device is a voice over LTE (VoLTE)-capable

mobile device; and

means for determining whether the target mobile device is

capable of receiving a voice call on a VoIP network
comprises means for determining whether the target
mobile device is capable of receiving a voice call on a
VoLTE network.

37. The mobile device of claim 36, further comprising:

means for creating a local VoL'TE contact list;

wherein means for determining whether the target mobile

device is capable of receiving a voice call on a VoLTE

network comprises:

means for determining whether a mobile device number
(MDN) of the target mobile device is saved as a user
contact on the mobile device; and
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means for determining whether the MDN of the target
mobile device matches an MDN stored in the local
VoLTE contact list in response to determining that the
MDN of the target mobile device is saved as a user
contact on the mobile device.

38. The mobile device of claim 37, wherein means for
creating the local VOLTE contact list comprises:

means for sending to the VoLTE network user contact

MDN:s that are saved on the mobile device;
means for requesting from the VoLTE network profile
information associated with each user contact MDN;
means for receiving from the VoLTE network profile infor-
mation associated with each user contact MDN, wherein
the received profile information for user contact MDNs
that are not VOLTE contain no data; and

means for storing on the mobile device a list of user contact

MDNs for which the received profile information con-
tains data.

39. The mobile device of claim 37, wherein:

means for determining whether the target mobile device is

capable of receiving a voice call on the VOLTE network

further comprises:

means for accessing stored voice call records that iden-
tify the VoL TE network in response to determining
that the MDN of the target mobile device is not saved
as a user contact on the mobile device; and

means for determining whether the MDN of the target
mobile device is saved in a stored voice call record
identified by the VOLTE network.

40. The mobile device of claim 39, wherein means for
determining whether the target mobile device is capable of
receiving a voice call on the VOLTE network further com-
prises:

means for starting a VOLTE application on the mobile

device in response to determining that the MDN of the
target mobile device is not saved in a stored voice call
record identified by the VoLTE;

means for sending the MDN of the target mobile device to

a VoLTE application server, wherein the VoL TE appli-
cation server is coupled to a data storage system,
wherein the data storage system contains VoL TE regis-
tration information for a plurality of mobile devices on
the VOLTE network;

means for requesting VoLTE registration information asso-

ciated with the MDN of the target mobile; and

means for determining whether information associated

with the MDN of the target mobile device was received
from the VoLTE application server.

41. The mobile device of claim 40, further comprising
means for initiating the voice call on the VOLTE network in
response to determining that information associated with the
MDN of the target mobile was received from the VoLTE
application server.

42. The mobile device of claim 40, further comprising
means for initiating the voice call on the circuit switched
network in response to determining that no information asso-
ciated with the MDN of the target mobile device was received
from the VoL TE application server.

43. A non-transitory processor-readable storage medium
having stored thereon processor-executable instructions con-
figured to cause a mobile device processor to perform opera-
tions comprising:

receiving an input to initiate a voice call to a target mobile

device;

determining whether the target mobile device is capable of

receiving a voice call on a VoIP network based on
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whether a user profile for the target mobile device is
registered with an application server associated with the
VoIP network;

determining whether the target mobile device is available
to communicate on the VoIP network in response to
determining that the target mobile device is capable of
receiving a voice call on the VoIP network; and

initiating the voice call on a circuit switched network in
response to determining that the target mobile device is
not capable of receiving a voice call on the VoIP net-
work.

44. The non-transitory processor-readable storage medium
of claim 43, wherein the stored processor-executable instruc-
tions are configured to cause the mobile device processor to
perform operations further comprising:

downloading user profile information from the application

server associated with the VoIP network; and

storing the downloaded user profile information in

memory on the mobile device, wherein determining
whether the target mobile device is capable of receiving
avoice call on a VoIP network is accomplished using the
stored user profile information.

45. The non-transitory processor-readable storage medium
of claim 43, wherein the stored processor-executable instruc-
tions are configured to cause the mobile device processor to
perform operations such that determining whether the target
mobile device is available to communicate on the VoIP net-
work comprises determining whether the target mobile
device is registered with a VoIP network server.

46. The non-transitory processor-readable storage medium
of claim 43, wherein the stored processor-executable instruc-
tions are configured to cause the mobile device processor to
perform operations further comprising initiating the voice
call on the VoIP network in response to determining that the
target mobile device is capable of receiving a voice call on the
VoIP network and that the target mobile device is available to
communicate on the VoIP network.

47. The non-transitory processor-readable storage medium
of claim 46, wherein the stored processor-executable instruc-
tions are configured to cause the mobile device processor to
perform operations further comprising:

determining whether the initiated voice call was estab-

lished on the VoIP network; and

storing on the mobile device a record of a successful call to

the target mobile device in response to determining that
the initiated voice call was established on the VoIP net-
work, wherein the record comprises a mobile device
number (MDN) of the target mobile device and an iden-
tification of the VoIP network.

48. The non-transitory processor-readable storage medium
of'claim 47, wherein the stored processor-executable instruc-
tions are configured to cause the mobile device processor to
perform operations further comprising initiating the voice
call on a circuit switched network in response to determining
that the voice call was not established on the VoIP network.

49. The non-transitory processor-readable storage medium
of'claim 47, wherein the stored processor-executable instruc-
tions are configured to cause the mobile device processor to
perform operations further comprising:

determining whether a call failure reason has been received

from the VoIP network in response to determining that
the voice call was not established on the VoIP network;
and

selecting a circuit switched network for initiating the voice

call based at least in part on information in the call
failure reason in response to determining that a call
failure reason has been received from the VoIP network.
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50. The non-transitory processor-readable storage medium
of claim 43, wherein:

the mobile device is a VoL.TE-capable mobile device; and

the stored processor-executable instructions are configured

to cause the mobile device processor to perform opera-
tions such that determining whether the target mobile
device is capable of receiving a voice call on a VoIP
network comprises determining whether the target
mobile device is capable of receiving a voice call on a
VoLTE network.

51. The non-transitory processor-readable storage medium
of claim 50, wherein the stored processor-executable instruc-
tions are configured to cause the mobile device processor to
perform operations further comprising:

creating a local VOLTE contact list;

wherein the stored processor-executable instructions are

configured to cause the mobile device processor to per-

form operations such that determining whether the tar-

get mobile device is capable of receiving a voice call on

a VoLTE network comprises:

determining whether a mobile device number (MDN) of
the target mobile device is saved as a user contact on
the mobile device; and

determining whether the MDN of the target mobile
device matches an MDN stored in the local VoLTE
contact list in response to determining that the MDN
of the target mobile device is saved as a user contact
on the mobile device.

52. The non-transitory processor-readable storage medium
of claim 51, wherein the stored processor-executable instruc-
tions are configured to cause the mobile device processor to
perform operations such that creating the local VoL'TE contact
list comprises:

sending to the VOLTE network user contact MDNSs that are

saved on the mobile device;

requesting from the VOLTE network profile information

associated with each user contact MDN;

receiving from the VOLTE network profile information

associated with each user contact MDN, wherein the
received profile information for user contact MDNSs that
are not VOLTE contain no data; and

storing on the mobile device a list of user contact MDNSs for

which the received profile information contains data.

53. The non-transitory processor-readable storage medium
of claim 51, wherein the stored processor-executable instruc-
tions are configured to cause the mobile device processor to
perform operations such that determining whether the target
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mobile device is capable of receiving a voice call on the
VOoLTE network further comprises:
accessing stored voice call records that identify the VoL TE
network in response to determining that the MDN of the
5 target mobile device is not saved as a user contact on the
mobile device; and
determining whether the MDN of the target mobile device
is saved in a stored voice call record identified by the
VoLTE network.

54. The non-transitory processor-readable storage medium
of claim 53, wherein the stored processor-executable instruc-
tions are configured to cause the mobile device processor to
perform operations such that determining whether the target
mobile device is capable of receiving a voice call on the
VOoLTE network further comprises:

starting a VoLTE application on the mobile device in

response to determining that the MDN of the target
mobile device is not saved in a stored voice call record
identified by the VoL TE application;

sending the MDN of the target mobile device to a VoLTE

application server, wherein the VoLTE application
server is coupled to a data storage system, wherein the
data storage system contains VoL.TE registration infor-
mation for a plurality of mobile devices on the VoLTE
network;

requesting VOLTE registration information associated with

the MDN of the target mobile; and

determining whether information associated with the

MDN of the target mobile device was received from the
VoLTE application server.

55. The non-transitory processor-readable storage medium
of claim 54, wherein the stored processor-executable instruc-
tions are configured to cause the mobile device processor to
perform operations further comprising initiating the voice
call on the VOoLTE network in response to determining that
information associated with the MDN of the target mobile
device was received from the VoLTE application server.

56. The non-transitory processor-readable storage medium
of claim 54, wherein the stored processor-executable instruc-
tions are configured to cause the mobile device processor to
perform operations further comprising initiating the voice
call on the circuit switched network in response to determin-
ing that no information associated with the MDN of the target
mobile device was received from the VoLTE application
server.
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